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@ A gravitational accelerometer for use in an auto- 
motive vehicle includes a plurality of wheel speed 
sensors (1-4) for outputting a wheel speed by mea- 
suring a rotational speed of at least one of vehicle 
wheels, an acceleration sensor for detecting and 
outputting an acceleration Am applied to the auto- 
motive vehicle, an estimated vehicle acceleration 
computing unit for computing and outputting an es- 
timated vehicle acceleration Aw estimated from the 
wheel speed, and a correction quantity computing 
unit (9) for computing variable correction quantity Ao 
for each calculation cycle. A horizontal road surface 
detection unit (10) is provided to detect a generally 
horizontal road surface. A horizontal correction quan- 
tity storage (11) stores and outputs a horizontal 
correction quantity AoH. which is a correction quan- 
tity with respect to the generally horizontal road 
surface, in response tq_an output from the horizontal 
road surface detection unit (10). A zero correction 
unit (13) corrects the acceleration Am based on the 
correction quantity Ao or the horizontal correction 
quantity AoH to compute a corrected acceleration 
Ac. 
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BACKGROUND OF THE INVENTION 

Reld of the inv ntion 

The present invention relates generally to a 
gravitational accelerometer for use in calculating an 
estimated vehicle speed of an automotive vehicle, 
and more particularly to a gravitational accelero- 
meter provided with a zero adjuster or zero correc- 
tion unit. 

Description of Related Art 

In a wheel behavior control apparatus for anti- 
locking, etc., estimation of the vehicle speed which 
is the basis for computing slippage or spin, and 
that of the coefficient of friction between tires and 
the road surface, are important factors on which the 
control performance is directly depends. The es- 
timation of the coefficient of friction between the 
tires and the road surface is normally calculated 
from an estimated value of the vehicle acceleration 
reached during control, and the estimated value of 
the vehicle acceleration is computed based on the 
estimated value of the vehicle speed. Accordingly, 
the performance of the vehicle behavior control 
apparatus greatly depends on the accuracy of the 
estimated vehicle speed. 

incidentally, if the vehicle speed is estimated 
oily from the wheel speed, the accuracy in the 
estimation is markedly deteriorated when an exces- 
sive slippage or spin takes place on the wheels. 

Therefore, if the estimated vehicle speed and 
acceleration are obtained based on the information 
of both the acceleration detected by a reliable 
accelerometer and the wheel speed, the accuracy 
in the estimation can be remarkably improved. For 
the accelerometer. a gravitational accelerometer is 
generally employed. 

However, as schematically shown in Fig. 15, 
although the acceleration sensor of the gravitational 
accelerometer is arranged to convert the amount of 
displacement of a weight or pendulum F arising 
from acceleration, into electrical signals by using 
resistors, piezoelectric elements, differential trans- 
formers, etc. for detection of acceleration, it is 
difficult to avoid influences due to fixing accuracy, 
and somewhat long-term variations such as elec- 
trical drifts and gain fluctuation, etc.. as well as 
influences due to inclination or gradient of road 
surface in principle. 

Accordingly, when the gravitational accelero- 
meter is employed, it becomes important how to 
effect the zero point correction and sensitivity cor- 
rection including correction of the road surface 
inclination. 

With respect to the above problem, there has 
conventionally been proposed a zero adjuster or 



zero corr ction unit for the gravitational accelero- 
m t r, for example, in Japanese Laid-Open Patent 
Publication (unexamined) No. 4-223275. 

The zero adjuster of the gravitational accelero- 

5 meter as referred to above first finds a difference 
between the vehicle acceleration Aw estimated 
from the wheel speed and the acceleration Ac 
obtained by the gravitational accelerometer after 
the correction, and subsequently outputs a correc- 

10 tion quantity Ao for this cycle by adding to or 
subtracting from a correction quantity obtained in a 
previous cycle, a value as obtained through mul- 
tiplication of the above difference by a correcting 
speed. Using the correction quantity Ao. the accel- 

75 oration obtained by the gravitational accelerometer 
for the present cycle or next cycle is to be cor- 
rected. 

Rg. 17A shows the state in which an auto- 
motive vehicle provided with the conventional 

20 gravitational accelerometer as described above and 
travelling or running at a constant speed, starts 
braking in the course of a downhill, and stops on a 
generally horizontal road continued to the downhill. 
Fig. 17B shows variation of the wheel speed. Fig. 

25 17C represents variations of the vehicle accelera- 
tion Aw estimated from the wheel speed, accelera- 
tion Am based on the gravitational accelerometer. 
and the variable correction quantity Ao obtained for 
each cycle. Fig. 17D denotes variation of the accel- 

30 oration Ac obtained from the gravitational accelero- 
meter after correction by using the correction quan- 
tity Ao. 

In Figs. 17A-17D. a region I shows the state in 
which the vehicle is travelling or running on a 

35 horizontal road at a constant speed, a region li the 
state in which the vehicle is running on a downhill 
• at a constant speed, a region 111 the state in which 
the vehicle is running on the downhill while braking, 
and a region IV the state in which the vehicle runs 

40 and stops on a horizontal road while braking. 

Here, when the zero adjuster of the conven- 
tional gravitational accelerometer as described 
above is used, in the case where the vehicle travel- 
ling on the downhill while braking again reaches 

45 the horizontal road, and runs on the horizontal road 
while braking as it is, i.e., in the region IV, the 
correction quantity Ao does not immediately fall to 
zero, but reaches zero after a considerable delay, 
as shown in Fig. 17C, in spite of the fact that the 

50 road is of the horizontal road in the region IV. 

Therefore, as shown by an arrow Z in Fig. 17D, 
the acceleration Ac of the gravitational accelero- 
meter corrected by using the correction quantity 
Ao is calculated and outputted to be undesirably 

55 small in the direction of speed reduction, and since 
control of a low friction coefficient (the friction co- 
efficient is represented as u hereinafter) is effected 
during this period, the braking force becomes in- 
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sufficient, resulting in such an inconvenience as an 
increase of the stopping distance. 

As described above, the zero adjuster of the 
conventional gravitational accelerometer follows the 
variation of the zero point comparatively quickly 
generally during running at a constant speed or in 
the absence of slippage or spin, but the follow-up 
beconnes slow, for example, during braking on the 
way of a downhill, thus giving rise to such a prob- 
lem as the increase of the stopping distance as 
referred to above. 

SUMMARY OF THE INVENTION 

The present invention has been developed to 
overcome the above-described disadvantages. 

It is accordingly an objective of the present 
invention to provide an improved gravitational ac- 
celerometer for an automotive vehicle, which is 
capable of effecting more accurate control of the 
vehicle by achieving acceleration with a high fol- 
low-up accuracy for zero correction with respect to 
rapid variations in the inclination of a road surface 
or during braking in the course of a downhill or the 
like. 

Another objective of the present invention is to 
provide the gravitational accelerometer of the 
above-described type, which is stable and reliable 
in functioning, and can be readily incorporated into 
automotive vehicles of various types at a low cost 

In accomplishing the above and other objec- 
tives, the gravitational accelerometer according to 
the present invention comprises a wheel speed 
output means for outputting the wheel speed by 
measuring the rotational speed of at least one of 
vehicle wheels, an acceleration detection means for 
detecting and outputting an acceleration Am ap- 
plied to the automotive vehicle, an estimated ve- 
hicle acceleration output means for outputting an 
estimated vehicle acceleration Aw estimated from 
the wheel speed, a correction quantity computing 
means for computing variable correction quantity 
Ao for each calculation cycle, and a road surface 
state detection means for detecting a generally 
horizontal road surface. A horizontal correction 
quantity output means is provided for outputting a 
horizontal correction quantity AoH, which is a cor- 
rection quantity with respect to the generally hori- 
zontal road surface, in response to an output from 
the road surface state detection means. A zero 
correction means corrects the acceleration Am 
based on one of the correction quantity Ao and the 
horizontal correction quantity AoH to compute a 
corrected acceleration Ac. 

By the above-described construction, the gen- 
erally horizontal road surface is detected by the 
road surface state detection means in order to 
compute the horizontal correction quantity AoH, 



and during running at a constant speed or wh n no 
slippage or spin takes place, the correction quantity 
Ao is calculated for each specific cycle from the 
difference between the vehicle acceleration Aw es- 

5 timated from the wheel speed and the acceleration 
Ac obtained from the acceleration detection means 
after the correction. Furthermore, the correction 
quantity Ao computed for each specific cycle is 
corrected by adding or subtracting it to or from the 

70 acceleration Am obtained from the acceleration de- 
tection means. By so doing, in the case of braking 
in the course of a downhill or in the case where 
slippage or spin is taking place, the acceleration 
Am obtained from the acceleration detection means 

T5 is corrected using the above horizontal correction 
quantity AoH instead of the correction quantity Ao. 

Conveniently, the acceleration detection means 
detects the acceleration Am applied to the auto- 
motive vehicle from an amount of displacement of 

20 a weight accommodated therein. 

The horizontal correction quantity output 
means may be replaced by a storage means that 
stores the correction quantity Ao with respect to 
the generally horizontal road surface as the hori- 

25 zontal correction quantity AoH in response to an 
output from the road surface state detection 
means. 

In this case, the acceleration Am obtained from 
the acceleration detection means is corrected using 

30 the horizontal correction quantity AoH read out of 
the storage means. 

Preferably, the road surface state detection 
means judges to have detected the generally hori- 
zontal road surface, when the estimated vehicle 

35 acceleration Aw is smaller than a predetermined 
upper limit value and a differential value of the 
correction quantity Ao is smaller than a predeter- 
mined upper limit value, and when a state in which 
the correction quantity Ao is greater than the hori- 

40 zontal correction quantity AoH stored in the storage 
means in a previous cycle has continued for a 
predetermined period of time, to thereby store the 
correction quantity Ao at that time in the storage 
means as a new horizontal correction quantity AoH. 

45 Alternatively, the road surface state detection 

means judges to have detected the generally hori- 
zontal road surface, when a state in which the 
correction quantity Ao is smaller than the horizontal 
correction quantity AoH stored in the storage 

50 means in a previous cycle has continued for a 
predetermined period of time. 

During braking, the zero correction means 
compares the correction quantity Ao with the hori- 
zontal correction quantity AoH and selects the 

55 greater quantity for addition to or, substraction from 
the acceleration Am, to thereby compute the cor- 
rected acceleration Ac. 



5 



EP 0 657 333 A1 



6 



At the starting of braking, when the horizontal 
correction quantity AoH is greater than the correc- 
tion quantity Ao, the horizontal confection quantity 
AoH at that tinne is set to be the correction quantity 
Ao. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objectives and features of 
the present invention will become more apparent io 
from the following description of prefenred embodi- 
ments thereof with reference to the accompanying 
drawings, throughout which like parts are desig- 
nated by like reference numerals, and wherein: 

Fig, 1 is a block diagram of an anti-skid control is 
apparatus provided with a gravitational accelero- 
meter according to a first embodiment of the 
present invention; 

Figs. 2 and 3 are flow-charts indicating function- 
ing of the gravitational accelerometer of Fig. 1 ; 20 
Rg. 4A is a schematic view of an automotive 
vehicle having the gravitational accelerometer of 
Fig. 1 and travelling substantially at a constant 
speed, which vehicle starts braking in the course 
of a downhill and stops on a generally horizontal 25 
road continued to the downhill; 
Fig. 48 is a diagram indicating wheel speed 
variation; 

Fig. 4C is a diagram indicating variation in the 
estimated vehicle acceleration, variation in the 30 
acceleration detected by a gravitational accel- 
eration sensor, and variations in the correction 
quantity obtained for each cycle; 
Fig. 4D is a diagram indicating vairiation in the 
acceleration obtained from the corrected gravita- 35 
tional acceleration sensor; 
Figs. 5 and 6 are flow-charts similar to Figs. 2 
and 3, respectively, but indicating a modification 
thereof; 

Fig. 7A is a view identical to Rg. 4A. but indicat- 40 
ing an automotive vehicle having a gravitational 
accelerometer of Figs. 5 and 6; 
Figs. 78. 7C. and 7D are diagrams similar to 
Figs. 48, 4C, and 40. respectively, but indicat- 
ing influences on the gravitational accelerometer 45 
of Figs. 5 and 6; 

Rg. 8 is a diagram similar to Rg. 1 , but accord- 
ing to a second embodiment of the present 
invention; 

Figs. 9 and 10 are flow-charts similar to Rgs. 2 so 
and 3. respectively, but indicating functioning of 
the gravitational accelerometer of Rg. 8; 
Fig. 11A is a viewldentical to Rg. 4 A. but 
indicating an automotive vehicle having the 
gravitational accelerometer of Rg. 8; 55 
Rgs. 118, 11c. and 1 1D are diagrams similar to 
Rgs. 48. 4C. and 4D. respectively, but indicat- 
ing influences on the gravitational accelerometer 



of Fig. 8; 

Figs. 12 and 13 are flow-charts similar to Figs. 2 
and 3, respectively, but indicating functioning of 
the gravitational accelerometer according to a 
modification of the second embodiment; 
Fig. 14A is a view identical to Fig. 4A, but 
indicating an automotive vehicle having the 
gravitational accelerometer of Figs. 12 and 13; 
Figs. 148. 14C. and 14D are diagrams similar to 
Figs. 48, 4C. and 4D, respectively, but indicat- 
ing influences on the gravitational accelerometer 
of Figs. 12 and 13; 

Fig. 15 is a schematic diagram of a conventional 
gravitational acceleration sensor in which an out- 
put voltage is increased upon acceleration; 
Fig. 16 is a schematic diagram of another con- 
ventional gravitational acceleration sensor in 
which an output voltage is reduced upon accel- 
eration; 

Fig. 17A is a view identical to Fig. 4A. but 
indicating an automotive vehicle having a con- 
ventional gravitational accelerometer; and 
Rgs. 178. 17C. and 17D are diagrams similar to 
Rgs. 48. 4C. and 4D, respectively, but indicat- 
ing influences on the conventional gravitational 
accelerometer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, there is shown 
in Fig. 1 a block diagram of an anti-skid control 
apparatus in which a gravitational accelerometer 
according to the present invention is incorporated. 
The illustrated anti-skid control apparatus is applied 
to. for example, a four-wheel automotive vehicle. 

As shown in Rg. 1, the anti-skid control ap- 
paratus comprises a plurality of, for example, four 
in the illustrated embodiment, wheel speed sensors 
1 , 2. 3, and 4 for detecting the speed of associated 
wheels, an acceleration sensor 5J or detecting and 
outputting the rate of acceleration applied to the 
vehicle body, and a wheel speed computing unit 6 
for computing the wheel speed of each of the four 
wheels based on output signals from the wheel 
speed sensors 1-4. The acceleration sensor 5 is 
comprised of a gravitational acceleration sensor 
such as shown in Rg. 15 wherein the application of 
an acceleration thereto increases the output voltage 
thereof. 

The anti-skid control apparatus also comprises 
a wheel speed s lector 7 for appropriately select- 
ing any one of the maximum speed, minimum 
speed and average speed from among the four 
wheel speeds according to the running conditions, 
an estimated vehicle acceleration computing unit 8 
for computing an estimated acceleration Aw of the 
vehicle body based on the wheel sp ed selected 
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by the wheel speed selector 7. and a correction 
quantity setting unit 9 for computing a correction 
quantity Ao required to set the accelerometer to 
z ro. 

A horizontal road surface detection unit 10 is s 
provided for detecting the horizontal state of the 
road surface and accommodates two timers (not 
shown): a first timer for counting the state wherein 
the correction quantity Ao is greater than a horizon- 
tal correction quantity AoH; and a second timer for io 
counting the state wherein the correction quantity 
Ao is equal to or smaller than the horizontal correc- 
tion quantity AoH. When the horizontal road surface 
has been detected by the horizontal road surface 
detection unit 10, the correction quantity Ao at that rs 
time is stored as the horizontal correction quantity 
AoH in a horizontal correction quantity storage 1 1 , 
A zero correction unit 13 is provided for computing 
a corrected acceleration Ac by correcting an accel- 
eration Inputted thereto from the acceleration sen- 20 
sor 5. This correction depends upon the ON-OFF 
state of a brake switch 12. which is turned on when 
the brake is applied to the vehicle body. 

The anti-skid control apparatus further com- 
prises an estimated vehicle speed ^ compuling ^unit 25 
14 for computing an estimated vehicle speed, an 
anti-skid control unit 15 for outputting anti-lock con- 
trol signals upon discrimination of locking symp- 
toms of the wheels, a plurality of (four in the 
Illustrated embodiment) instruction output units 16, 30 
17, 18. and 19 for outputting signals required to 
control braking pressures based on the anti-lock 
control signals, and a plurality of (four in the illus- 
trated embodiment) actuators 20, 21. 22. and 23 for 
driving associated solenoids. 35 

Signals from the wheel speed sensors 1-4 are 
inputted to the wheel speed computing unit 6 for 
computation of respective wheel speeds. The 
wheel speeds computed by the wheel speed com- 
puting unit 6 are inputted to the wheel speed 4o 
selector 7. which in turn selects an appropriate 
wheel speed according to the current situation. The 
wheel speeds computed by the wheel speed com- 
puting unit 6 are also inputted to the anti-skid 
control unit 15. 45 

The wheel speed selected by the wheel speed 
selector 7 is inputted to the estimated vehicle ac- 
celeration computing unit 8, which in turn com- 
putes an estimated acceleration Aw of the vehicle 
body based on the wheel speed inputted thereto so 
from the wheel speed selector 7. The wheel speed 
selected by the wheei- speed selector 7 is also 
inputted to the estimated vehicle speed computing 
unit 14. 

The estimated vehicle acceleration Aw com- 55 
puted by the estimated vehicle acceleration com- 
puting unit 8 is inputted to the conrection quantity 
setting unit 9. to the horizontal road surface detec- 



tion unit 10, and to the estimated vehicle speed 
computing unit 14. The acc leration Am detected 
by the acceleration sensor 5 is inputted to the 
correction quantity setting unit 9 and to the zero 
correction unit 1 3. 

The correction quantity setting unit 9 computes 
the correction quantity Ao based on the corrected 
acceleration Ac computed by the zero correction 
unit 13 in the previous operation cycle. In addition 
to the acceleration Am Inputted thereto from the 
acceleration sensor 5 and the estimated vehicle 
acceleration Aw inputted thereto from the estimated 
vehicle acceleration computing unit 8. The correc- 
tion quantity Ao computed by the correction quan- 
tity setting unit 9 Is inputted to the horizontal road 
surface detection unit 10. to which the horizontal 
correction quantity AoH stored in the horizontal 
correction quantity storage 1 1 in the previous cycle 
is also Inputted. Based on the inputted data, when 
the horizontal road surface detection unit 10 has 
detected the horizontal road surface state, the cor- 
rection quantity Ao at that time is stored in the 
horizontal correction quantity storage 1 1 . 

The zero correction unit 13 performs a correc- 
tion with respect to the acceleration Am inputted 
thereto from the acceleration sensor 5 by allowing 
either the correction quantity Ao from the correc- 
tion quantity setting unit 9 or the horizontal correc- 
tion quantity AoH from the horizontal correction 
quantity storage 11 to be inputted thereto, depend- 
ing on whether an ON-signal, I.e.. a braking signal, 
from the brake switch 12 is inputted thereto. 

The estimated vehicle speed computing unit 14 
computes the estimated vehicle speed based on 
either the estimated vehicle acceleration Aw com- 
puted by the estimated vehicle acceleration com- 
puting unit 8 or the corrected acceleration Ac com- 
puted by the zero correction unit 13, and a se- 
lected wheel speed Vr from the wheel speed selec- 
tor 7. The estimated vehicle speed computed by 
the estimated vehicle speed computing unit 14 is 
inputted to the anti-skid control unit 15. 

The antl-skid control unit 15 discriminates the 
locking symptoms of the wheels based on the 
wheel speeds inputted thereto from the wheel 
speed computing unit 6 and the estimated vehicle 
speed inputted thereto from the estimated vehicle 
speed computing unit 14. and outputs the anti-lock 
control signals to the instruction output units 16-19. 

Upon receiving the anti-lock control signals 
from the anti-skid control unit 15. the instruction 
output units 16-19 output to associated actuators 
20-23 respective signals required to control the 
braking pressures. 

The zero correction performed by the gravita- 
tional accelerometer incorporated in the anti-skid 
control apparatus shown In Fig. 1 Is explained 
hereinafter with reference to flow-charts of Rgs. 2 
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and 3. 

As shown in a flow-chart of Fig. 2, the output 
Am from the acc leration sensor 5 Is first read at 
step SI. followed by step S2 at which the wheel 
speeds are computed based on the outputs from 
the wheel speed sensors 1-4. The representative 
wheel speed Vr is selected at step S3, followed by 
step S4 at which the estimated vehicle acceleration 
Aw is computed based on the selected wheel 
speed Vr. 

At step 85, the correction quantity setting unit 

9 computes the correction quantity Ao required for 
the zero adjustment of the gravitational accelero- 
meter. A detailed description of a calculation meth- 
od of the correction quantity Ao is omitted because 
such a method is known in. for example, Japanese 
Laid-open Patent Publication (unexamined) No. 4- 
223275. 

Subsequent steps S6 to SI 6 indicate a flow 
wherein the horizontal road surface detection unit 

10 detects the horizontal road surface. 

At step S6, the correction quantity Ao is com- 
pared with the horizontal correction quantity AoH 
stored in the horizontal correction quantity storage 
1 1 . If the correction quantity Ao is greater than the 
horizontal correction quantity AoH, the second tim- 
er is cleared to zero at step 37. The horizontal 
correction quantity AoH used at step S6 is a value 
stored in the horizontal correction quantity storage 

1 1 in the previous cycle. 

At step 88. the absolute value j Aw j of the 
estimated vehicle acceleration Aw is compared with 
a predetermined value a, which is a sufficiently 
small one with which it can be determined that the 
vehicle body travels substantially at a constant 
speed. If the absolute value | Aw j of the estimated 
vehicle acceleration is smaller than the predeter- 
mined value a. the difference dAo between the 
correction quantity computed in the previous cycle 
and that computed in the current cycle is com- 
puted at step 89. 

At step 810, the absolute value j dAo j of the 
difference dAo computed at step 89 is compared 
with a predetermined value ^, which is considered 
to be a sufficiently small one indicating no substan- 
tial change in inclination of the road surface. If the 
absolute value j dAo | is smaller than the predeter- 
mined value fi, the first timer is incremented by 1 
at step 81 1 . 

At step 812 in Fig. 3, the counted value of the 
first timer is compared with a predetermined value 
t1 . If the counted value of the first timer is greater 
than the predeterminecT value t1 , the correction 
quantity Ao at that time is stored as the horizontal 
correction quantity AoH in the horizontal correction 
quantity storage 11 (step 817). 

Returning to step 86 in Fig. 2, if the correction 
quantity Ao is smaller than the horizontal correction 



quantity AoH stored in the horizontal correction 
quantity storage 11, the procedure advanc s to 
step 813 at which the first timer is cleared to zero. 
Then, the second timer is incremented by 1 at step 
5 .814, and the procedure advances to step 812 in 
Fig. 3. 

At step 88, if the absolute value | Aw | of the 
estimated vehicle acceleration is equal to or great- 
er than the predetermined value a. the procedure 

70 advances to step 815 at which the first timer is 
cleared to zero. Then, the procedure advances to 
step 812. Likewise, at step 810, if the absolute 
value j dAo | is equal to or greater than the pre- 
determined value j8, the procedure advances to 

75 step 815. 

At step 812 in Rg. 3. if the counted value of 
the first timer is equal to or smaller than the 
predetermined value t1 , the procedure advances to 
step 816 at which the counted value of the second 

20 timer is compared with a predetermined value t2. If 
the counted value of the second timer is greater 
than the predetermined value t2, the procedure 
advances to step 817. In contrast, if the former is 
equal to or smaller than the latter, the procedure 

25 advances to step 818. 

Subsequent steps 818 to 821 indicate a flow 
wherein the zero correction unit 13 computes the 
corrected acceleration Ac. 

At step 818, a determination is made whether 

30 the braking signal from the brake switch 12 is 
inputted to the zero correction unit 13. If the brak- 
ing signal is inputted to the zero correction unit 13, 
i.e., if the brake is applied to the vehicle body, the 
horizontal correction quantity AoH stored in the 

35 horizontal correction quantity storage 11 is com- 
pared with the correction quantity Ao (step 819). If 
the horizontal correction quantity AoH is greater 
than the correction quantity Ao, the procedure ad- 
vances to step 820 at which the corrected accel- 

40 oration Ac is obtained by subtracting the horizontal 
correction quantity AoH from the acceleration Am 
detected by the acceleration sensor 5, thus termi- 
nating this flow. 

At step 818, if no brake is applied to the 

45 vehicle body, the procedure advances to step 821 
at which the corrected acceleration Ac is obtained 
by subtracting the correction quantity Ao at that 
time from the acceleration Am detected by the 
acceleration sensor 5. thus terminating this flow. 

50 Likewise, if the correction quantity Ao is equal to or 
greater than the horizontal correction quantity AoH 
stored in the horizontal correction quantity storage 
1 1 , the procedure advances to step 821 . 

It is to be noted that if it is dissired to employ 

55 an expression to add the horizontal correction 
quantity AoH at step 820 and an expression to add 
the correction quantity Ao at step 821, exactly the 
same thing may be represented by: 
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Ac = Am + AoH and Ac = Am + Ao. respectively. 

Fig. 4A depicts an automotive vehicle having 
the above-described gravitational accelerometer of 
the present invention and travelling substantially at 
a constant speed, which vehicle starts braking in 
the course of a downhill and stops on a generally 
horizontal road continued to the downhill. Fig. 4B 
depicts wheel speed variation. Fig. 4C depicts vari- 
ation in the vehicle acceleration Aw estimated from 
the wheel speed, variation in the acceleration Am 
d tected by the gravitational acceleration sensor, 
and variations in the correction quantity Ao and the 
horizontal correction quantity AoH obtained for 
each cycle. Fig. 4D depicts variation in the accel- 
eration Ac obtained from the corrected gravitational 
acceleration sensor. 

In Figs. 4A-4D, a region denoted by I indicates 
the state in which the vehicle is travelling on a 
generally horizontal road substantially at a constant 
speed, a region denoted by II indicates the state in 
which the vehicle is travelling on the downhill sub- 
stantially at the constant speed, a region denoted 
by III indicates the state in which the vehicle is 
travelling on the downhill while the brake is being 
applied thereto, and a region denoted by IV in- 
dicates the state in which the vehicle is travelling 
on a generally horizontal road and eventually stops 
while the brake is being applied thereto. 

According to the present invention, the travel- 
ling on the horizontal road surface is detected by 
the horizontal road surface detection unit 10. and 
the horizontal correction quantity AoH for the trav- 
elling on the horizontal road surface is stored in the 
horizontal correction quantity storage 1 1 , When the 
brake is being applied to the vehicle, if the horizon- 
tal correction quantity AoH stored in the horizontal 
correction quantity storage 1 1 at that time is great- 
er than the correction quantity Ao, the corrected 
acceleration Ac is obtained by subtracting the hori- 
zontal correction quantity AoH from the accelera- 
tion Am detected by the acceleration sensor 5. 

More specifically, as shown in Fig. 4C, when 
the vehicle travels on the downhill and subse- 
quently on the generally horizontal road with the 
brake applied continuously thereto, the correction 
quantity Ao does not immediately become zero but 
becomes zero with a considerable delay, for exam- 
ple, in the region IV. 

In view of this, as shown in Rg. 4D, when the 
vehicle travels on the -downhill with no brake ap- 
plied thereto, for example, in the region II. a weight 
or pendulum F accommodated in the acceleration 
sensor 5 displaces forwardly under the influence of 
gravity and. hence, the output value of the accel- 
eration sensor 5 becomes smaller than the actual 
vehicle acceleration. Accordingly, the corrected ac- 



c leration Ac is computed by subtracting th cor- 
rection quantity Ao from the acceleration Am d - 
tected by the acceleration sensor 5. On the other 
hand, when the brake is being applied to the ve- 

5 hide, for xample. in the regions III and IV. the 
corrected acceleration Ac is computed by subtrac- 
ting the horizontal correction quantity AoH stored in 
the horizontal correction quantity storage 11, in- 
stead of the correction quantity Ao. from the accel- 

10 eration Am detected by the acceleration sensor 5. 

The acceleration Ac after the correction com- 
puted in the above described manner will be as 
shown in Fig. 4D. and thus, there is no possibility 
that the corrected acceleration Ac by the accelera- 

75 tion sensor 5 as shown in an arrow Z in Fig. 17D is 
undesirably computed to be small in the direction 
of speed reduction, and such inconveniences that 
control in the low u is effected during this period, 
resulting in insufficient braking force and conse- 

20 quent extension of the stopping distance, etc. can 
be advantageously eliminated. 

Moreover, in the case where the lowering of 
the output in the direction of speed reduction for 
the corrected acceleration Ac at the portion of the 

25 arrow Z in Fig. 17D is small, i.e. when the slope of 
the downhill is gentle, and the undesirable increase 
of stopping distance does not take place even if 
the correction is effected by using the correction 
quantity Ao. the corrected acceleration Ac may be 

30 computed by subtracting the correction quantity Ao 
from the acceleration Am based on the acceleration 
sensor 5. 

Here, for the acceleration sensor 5, there may 
be considered a gravitational acceleration sensor 
35 as shown in Fig. 16 in which the output voltage is 
reduced upon acceleration. 

Figs. 5 and 6 depict flow-charts indicating the 
operation of the gravitational accelerometer accord- 
ing to a modification of the first embodiment in 
40 which the acceleration sensor shown in Rg. 16 is 
incorporated. 

The difference of these flow-charts from those 
of Figs. 2 and 3 resides in step SB' in the flow- 
chart of Fig. 5, and step SI 9* in the flow-chart of 
45 Fig. 6. 

At step S6\ the correction quantity Ao of the 
accelerometer is compared with the horizontal cor- 
rection quantity AoH stored in the horizontal cor- 
rection quantity storage 11. If the correction quan- 
50 tity Ao is smaller than the horizontal correction 
quantity AoH. the second timer is cleared to zero at 
step S7. Meanwhile, if the correction quantity Ao is 
greater than the horizontal correction quantity AoH 
stored in the horizontal correction quantity storage 
55 11, the procedure advances to step Si 3. 

At step 19*, the horizontal correction quantity 
AoH stored in the horizonal correction quantity stor- 
age 11 is compared with the correction quantity 
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Ao. If the horizontal correction quantity AoH is 
smaller than th zero correction quantity Ao, the 
procedure advances to step S20. In contrast, if the 
correction quantity Ao is greater than the horizontal 
correction quantity AoH stored in the horizontal 
correction quantity storage 11. the procedure pro- 
ceeds to step 21 . 

In the case where the acceleration sensor in 
which the output voltage is reduced upon accelera- 
tion is employed as described above, the relation- 
ship of magnitude between the correction quantity 
Ao and the horizontal correction quantity AoH is 
reversed. 

Fig. 7A shows the state wherein an automotive 
vehicle provided with a gravitational accelerometer 
having the gravitational acceleration sensor in 
which the output voltage is decreased upon accel- 
eration as shown in Fig. 16. and travelling at a 
constant speed, starts braking in the course of a 
downhill and stops on a generally horizontal road 
after the end of the downhill. 

Fig. 7B shows variation of the wheel speed. 
Fig. 7C represents variations of the vehicle accel- 
eration Aw estimated by the wheel speed, accel- 
eration Am based on the gravitational acceleration 
sensor, variable zero correction quantity Ao ob- 
tained for each cycle, and the horizontal correction 
quantity AoH. Fig. 7D denotes variation of the ac- 
celeration Ac obtained from the gravitational accel- 
eration sensor after the correction. 

The difference of the above diagrams from 
those of the first embodiment resides in that, since 
the output voltage with respect to the acceleration 
shows a negative characteristic in the acceleration 
sensor, the acceleration Am based on the accelera- 
tion sensor indicates a positive value, and thus, the 
variation reversed in the positive and negative char- 
acteristics is shown. Following to the above, since 
the estimated vehicle acceleration Aw also shows 
the variation reversed in the positive and negative 
characteristics with respect to the first embodiment, 
the zero correction quantity Ao and horizontal cor- 
rection quantity AoH similariy show variations re- 
versed in the positive and negative characteristics, 
but the function and effect similar to those in the 
first embodiment can be obtained. 

Subsequently, referring to Rgs. 8. 9 and 10. 
the anti-skid control apparatus incorporated with 
the gravitational accelerometer according to a sec- 
ond embodiment of the present invention will be 
described hereinbelow. 

Fig. 8 shows a block diagram of the anti-skid 
control apparatus according to the second embodi- 
ment of the present invention, and Rgs. 9 and 10 
are flow-charts representing functioning for effec- 
ting the zero correction of the accelerometer ac- 
cording to the second embodiment. 



It is to be noted here that oily the different 
points from the first embodiment will b explained 
hereinafter, with description in the same arrange- 
ments as in the first embodiment being omitted for 

5 brevity's sake. 

In Fig. 8, the difference in the circuit arrange- 
ment from that of the first embodiment is such that 
the brake-on signal by the brake switch 12 is 
applied not to the zero correction unit 13, but to the 

10 correction quantity setting unit 9. and further, the 
horizontal correction quantity AoH stored in the 
horizontal correction quantity storage 1 1 is inputted 
not to the zero correction unit 13, but to the correc- 
tion quantity setting unit 9. 

15 Here, it is so arranged that, upon detection of 

the braking of the vehicle body by the brake switch 
12. if the horizontal correction quantity AoH stored 
in the horizontal correction quantity storage 11 is 
greater than the zero correction quantity Ao. the 

20 correction quantity setting unit 9 substitutes the 
value of the horizontal correction quantity AoH 
stored in the horizontal correction quantity storage 
11. for the correction quantity Ao by the correction 
quantity setting unit 9 oily for said moment, i.e. oily 

25 during one cycle for effecting the zero correction of 
the accelerometer. 

Accordingly, with respect to the functioning for 
effecting the zero correction of the gravitational 
accelerometer, the difference of the flow-charts 

30 from those of Figs. 2 and 3 resides in steps S50, 
S51 and S52 in the flow-chart of Rg. 10. 

At step S50. a signal from the brake switch 12 
indicating the presence or absence of braking is 
inputted to the correction quantity setting unit 9. 

35 and if starting of braking of the vehicle is detected, 
the horizontal correction quantity AoH stored in the 
horizontal correction quantity storage 11 is com- 
pared with the correction quantity Ao. If the hori- 
zontal correction quantity AoH is greater than the 

40 correction quantity Ao, the procedure advances to 
step S51. 

At step S51, the correction quantity setting unit 
9 outputs the horizontal correction quantity AoH 
stored in the horizontal correction quantity storage 

45 11 as the correction quantity Ao. At step S52. the 
acceleration Ac after the correction is computed by 
subtracting the correction quantity Ao equal in val- 
ue to the horizontal correction quantity AoH stored 
in the horizontal correction quantity storage 11, 

50 from the acceleration Am based on the acceleration 
sensor 5, at the zero correction unit 13, to thereby 
complete this flow. 

Meanwhile, at step S50. if the starting of brak- 
ing for the vehicle is not d tected, the procedure 

55 advances to step S52. In the zero correction unit 
13, by subtracting the correction quantity Ao com- 
puted by the predetermined calculation at the cor- 
rection quantity setting unit 9, from the acceleration 

o 
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Am bas d on the acceleration sensor 5. the accel- 
eration Ac after the correction is computed, to 
thereby complete this flow. 

Similarly, at step SI 9, if the horizontal correc- 
tion quantity AoH stored in the horizontal correction 
quantity storage 11 is smaller than the correction 
quantity Ao computed by the correction quantity 
setting unit 9, the procedure advances to step S52. 

it is to be noted here that if it is desired to 
employ an expression to add the correction quan- 
tity Ao at step S52, exactly the same thing may be 
represented also by: 

Ac = Am + Ao. 

Fig. 11 A shows the state in which the auto- 
motive vehicle provided with the gravitational ac- 
celerometer according to the second embodiment 
of the present invention and running at a constant 
speed, starts braking in the course of a downhill, 
and stops on a generally horizontal road after the 
end of the downhill. 

Fig. 11B shows variation of the wheel speed. 
Fig. lie represents variations of the vehicle accel- 
eration Aw estimated by the wheel speed, accel- 
eration Am based on the gravitational acceleration 
sensor 5, and variable zero correction quantity Ao 
obtained for each cycle, and the horizontal correc- 
tion quantity AoH. Rg. 11D denotes variation of the 
acceleration Ac obtained from the acceleration sen- 
sor 5 after the correction. 

The difference of the above arrangement from 
that in the first embodiment is such that as shown 
in Fig. 11C. upon starting of the braking, if the 
horizontal correction quantity AoH stored in the 
horizontal correction quantity storage 1 1 is greater 
than the correction quantity Ao, the value of the 
horizontal correction quantity AoH stored in the 
horizontal correction quantity storage 11 is substi- 
tuted for the correction quantity Ao oily for this 
moment. 

By the above arrangement as shown in Figs. 
1 1 C and 1 1 D, the correction quantity Ao becomes 
equal in value to the horizontal correction quantity 
AoH at the starting of the braking. Thereafter, at, 
the first half of the braking, i.e. in the region III. 
since the automotive vehicle is located on the 
downhill, the correction quantity Ao changes so as 
to slowly correct the inclination component of the 
downhill, and also, slowly approaches zero at the 
portion where the vehicle has been transferred onto 
the horizontal road. i.e. 4fl the region IV. 

Therefore, as shown in Fig. 11D. although the 
acceleration Ac after the correction becomes rather 
smaller at the point where the vehici has been 
transferred onto the horizontal road, the effect simi- 
lar to that in the first embodiment can be obtained 
since the acceleration is not so reduced as to 



prolong the stopping distance of the vehicle. 

Figs. 12 and 13 depict flow-charts indicating 
the operation of the gravitational accelerometer ac- 
cording to a modification of the second embodi- 

5 ment. which is internally provided with the accel- 
eration sensor shown in Fig. 16 in which the output 
voltage is decreased upon acceleration. 

The difference of these flow-charts from those 
of Figs. 9 and 10 resides in step S6' in the flow- 

10 chart of Rg. 12 and step SI 9' in the flow-chart of 
Fig. 13. 

At step S6', the zero correction quantity Ao of 
the accelerometer is compared with the horizontal 
correction quantity AoH stored in the horizontal 

75 correction quantity storage 11. If the correction 
quantity Ao is smaller than the horizontal correction 
quantity AoH. the second timer is cleared to zero at 
step S7. In contrast, if the correction quantity Ao is 
greater than the horizontal correction quantity AoH 

20 stored in the horizontal correction quantity storage 
11, the procedure advances to step SI 3. 

At step 19', the horizontal correction quantity 
AoH stored in the horizonal correction quantity stor- 
age 11 is compared with the correction quantity 

25 Ao. and if the horizontal correction quantity AoH is 
smaller than the correction quantity Ao, the proce- 
dure advances to step S51 . If the horizontal correc- 
tion quantity AoH stored in the horizontal correction 
quantity storage 11 is greater than the correction 

30 quantity Ao computed by the correction quantity 
setting unit 9, the procedure advances to step S52. 

In the case where the acceleration sensor in 
which the output voltage is reduced upon accelera- 
tion is employed as described above, the relation- 

35 ship of magnitude between the correction quantity 
Ao and the horizontal correction quantity AoH is 
reversed. 

Fig. 14A shows the state in which an auto- 
motive vehicle provided with a gravitational ac- 

40 celerometer having the gravitational acceleration 
sensor in which the output voltage is decreased 
upon acceleration as shown in Fig. 16. and travel- 
ling at a constant speed, starts braking in the 
course of a downhill and stops on a generally 

45 horizontal road after the end of the downhill. 

Fig. 148 shows variation of the wheel speed. 
Rg. 1 4C represents variations of the vehicle accel- 
eration Aw estimated by the wheel speed, accel- 
eration Am based on the gravitational acceleration 

50 sensor, variable zero correction quantity Ao ob- 
tained for each cycle, and the horizontal correction 
quantity AoH. Fig. 14D denotes variation of the 
acceleration Ac obtained from the gravitational ac- 
celeration sensor after the correction. 

55 The difference of the above diagrams from 

those of the second embodiment resides in that, 
since the output voltage with respect to the accel- 
eration shows a negative characteristic in the accel- 
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eration sensor, the acceleration Am based on the 
acceleration sensor indicates a positive value, and 
thus, the variation reversed in the positive and 
negative characteristics is shown with respect to 
the second embodiment. Since the estimated ve- 5 
hide acceleration Aw also shows the variation re- 
versed in the positive and negative characteristics 
with respect to the second embodiment, the cor- 
rection quantity Ao and horizontal correction quan- 
tity AoH also show variations reversed in the posi- io 
tive and negative characteristics with respect to the 
second embodiment. However, the function and 
effect similar to those in the second embodiment 
can be obtained. 

As is clear from the foregoing description, ac- is 
cording to the gravitational accelerometer of the 
present invention, even when it is subjected to 
somewhat long-term variations due to, for example, 
fixing accuracy, electrical drift, and gain fluctuation, 
etc. of the gravitational acceleration sensor, or to 20 
influences by the inclination or gradient of the road 
surface, the zero correction and sensitivity correc- 
tion thereof can be quickly effected. Furthermore, 
in the cases of sudden changes in the road surface 
inclination or braking in the course of a downhill or 25 
slope, there is no possibility that follow-up of the 
zero correction is delayed, and thus, such a prob- 
lem as extension of the stopping distance, etc. can 
be eliminated. Accordingly, acceleration at high 
accuracy may be obtained for still more accurate 30 
control of automotive vehicles. 

Although the present invention has been fully 
described by way of examples with reference to 
the accompanying drawings, it is to be noted here 
that various changes and modifications will be ap- 35 
parent to those skilled in the art. Therefore, unless 
such changes and modifications otherwise depart 
from the spirit and scope of the present invention, 
they should be construed as being included there- 
in. 40 

Claims 

1. A gravitational accelerometer for use in an 

automotive vehicle, comprising: 45 

a wheel speed output means (1-4) for out- 
putting a wheel speed by measuring a rota- 
tional speed of at least one of vehicle wheels; 

an acceleration detection means (5) for 
detecting and outputting an acceleration Am 50 
applied to the automotive vehicle; 

an estimated vehicle acceleration output 
means (8) for outputting an estimated vehicle 
acceleration Aw estimated from the wheel 
speed; 55 

a correction quantity computing means (9) 
for computing variable correction quantity Ao 
for each calculation cycle; 



a road surface state detection means (10) 
for detecting a generally horizontal road sur- 
face; 

a horizontal correction quantity output 
means (11) for outputting a horizontal correc- 
tion quantity AoH, which is a correction quan- 
tity with respect to the generally horizontal 
road surface, in response to an output from 
said road surface state detection means (10); 
and 

a zero correction means (13) for correcting 
the acceleration Am based on one of the cor- 
rection quantity Ao and the horizontal correc- 
tion quantity AoH to compute a corrected ac- 
celeration Ac. 

2. A gravitational accelerometer for use in an 
automotive vehicle, comprising: 

a wheel speed output means (1-4) for out- 
putting a wheel speed by measuring a rota- 
tional speed of at least one of vehicle wheels; 

an acceleration detection means (5) for 
detecting and outputting an acceleration Am 
applied to the automotive vehicle from an 
amount of displacement of a weight (F) accom- 
modated therein; 

an estimated vehicle acceleration output 
means (8) for outputting an estimated vehicle 
acceleration Aw estimated from the wheel 
speed; 

a correction quantity computing means (9) 
for computing variable correction quantity Ao 
for each calculation cycle; 

a road surface state detection means (10) 
for detecting a generally horizontal road sur- 
face; 

a storage means (11) for storing a correc- 
tion quantity Ao with respect to the generally 
horizontal road surface as a horizontal correc- 
tion quantity AoH in response to an output 
from said road surface state detection means 

(10) ; and 

a zero correction means (13) for correcting 
the acceleration Am based on one of the cor- 
rection quantity Ao and the horizontal correc- 
tion quantity AoH stored in said storage means 

(1 1 ) to compute a corrected acceleration Ac. 

3. The gravitational accelerometer according to 
claim 2. wherein said road surface state detec- 
tion means (10) judges to have detected the 
generally horizontal road surface, when the es- 
timated vehicle acceleration Aw is smaller than 
a predetermined upper limit value and a dif- 
ferential value of the correction quantity Ao is 
smaller than a predetermined upper limit value, 
and when a state in which the con-ection quan- 
tity Ao is greater than the horizontal correction 
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quantity AoH stored in said storage means (11) 
in a previous cycle has continued for a pre- 
determined period of time, to thereby store the 
correction quantity Ao at that time in said stor- 
age means (11) as a new horizontal correction 5 
quantity AoH. 

The gravitational accelerometer according to 
claim 2, wherein said road surface state detec- 
tion means (10) judges to have detected the to 
generally horizontal road surface, when the es- 
timated vehicle acceleration Aw is smaller than 
a predetermined upper limit value and a dif- 
ferential value of the correction quantity Ao Is 
smaller than a predetermined upper limit value, is 
and when a state in which the correction quan- 
tity Ao is smaller than the horizontal correction 
quantity AoH stored in said storage means (11) 
in a previous cycle has continued for a pre- 
determined period of time, to thereby store the 20 
correction quantity Ao at that time in said stor- 
age means (11) as a new horizontal correction 
quantity AoH. 

The gravitational accelerometer according to 25 
claim 2. wherein said road surface state detec- 
tion means (10) judges to have detected the 
generally horizontal road surface, when a state 
in which the correction quantity Ao is smaller 
than the horizontal correction quantity AoH 30 
stored in said storage means (11) in a previous 
cycle has continued for a predetermined pe- 
riod of time, to thereby store the correction 
quantity Ao at that time in said storage means 
(11) as a new horizontal correction quantity 35 
AoH. 

The gravitational accelerometer according to 
claim 2, wherein said road surface state detec- 
tion means (10) judges to have detected the 40 
generally horizontal road surface, when a state 
in which the correction quantity Ao is greater 
than the horizontal correction quantity AoH 
stored in said storage means (11) in a previous 
cycle has continued for a predetermined pe- 45 
riod of time, to thereby store the correction 
quantity Ao at that time in said storage means 
(11) as a new horizontal correction quantity 
AoH. 

50 

The gravitational accelerometer according to 
claim 2, wherein said zero correction means 
(13) compares, during braking, the correction 
quantity Ao with the horizontal correction quan- 
tity AoH and selects the greater quantity for 55 
addition to or substraction from the accelera- 
tion Am. to thereby compute the corrected 
acceleration Ac. 



8. The gravitational accelerometer according to 
claim 2, wherein at the starting of braking, 
when the horizontal correction quantity AoH is 
greater than the correction quantity Ao, the 
horizontal correction quantity AoH at that time 
is set to be the correction quantity Ao. 

9. A zero adjuster for a gravitational accelero- 
meter, comprising: 

a wheel speed output means (1-4) for out- 
putting a wheel speed by measuring a rota- 
tional speed of at least one of vehicle wheels; 

an estimated vehicle acceleration output 
means (8) for outputting an estimated vehicle 
acceleration Aw estimated from the wheel 
speed; 

an acceleration detection means (5) for 
detecting and outputting an acceleration Am 
applied to the automotive vehicle; 

a correction quantity computing means (9) 
for computing variable correction quantity Ao 
for each calculation cycle: 

a road surface state detection means (10) 
for detecting a generally horizontal road sur- 
face; 

a horizontal correction quantity output 
means (11) for outputting a horizontal correc- 
tion quantity AoH, which is a correction quan- 
tity with respect to the generally horizontal 
road surface, in response to an output from 
said road surface state detection means (10); 
and 

a corrected acceleration computing means 
(13) for correcting the acceleration Am based 
on one of the correction quantity Ao and the 
horizontal correction quantity AoH to compute 
a corrected acceleration Ac. 

10. A zero adjuster for a gravitational accelero- 
meter, comprising: 

a wheel speed output means (1-4) for out- 
putting a wheel speed by measuring a rota- 
tional speed of at least one of vehicle wheels; 

an estimated vehicle acceleration output 
means (8) for outputting an estimated vehicle 
acceleration Aw estimated from the wheel 
speed; 

an acceleration detection means (5) for 
detecting and outputting an acceleration Am 
applied to the automotive vehicle; 

a correction quantity computing means (9) 
for computing variable correction quantity Ao 
for each calculation cycle; 

a road surface state detection means (10) 
for detecting a generally horizontal road sur- 
face; 

a storage means (11) for storing a correc- 
tion quantity Ao with respect to the generally 
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horizontal road surface as a horizontal correc- 
tion quantity AoH in response to an output 
from said road surface state d tection means 
(10); and 

a corrected acceleration computing means 
(13) for correcting the acceleration Am based 
on one of the correction quantity Ao and the 
horizontal correction quantity AoH stored in 
said storage means (11) to compute a cor- 
rected acceleration Ac. 

11. The zero adjuster according to claim 10. 
wherein said road surface state detection 
means (10) judges to have detected the gen- 
erally horizontal road surface, when the es- 
timated vehicle acceleration Aw is smaller than 
a predetermined upper limit value and a dif- 
ferential value of the correction quantity Ao is 
smaller than a predetermined upper limit value, 
and when a state in which the correction quan- 
tity Ao is greater than the horizontal correction 
quantity AoH stored in said storage means (11) 
in a previous cycle has continued for a pre- 
determined period of time, to thereby store the 
correction quantity Ao at that time in said stor- 
age means (11) as a new horizontal correction 
quantity AoH. 



14. The zero adjuster according to claim 10. 
wherein said road surface state detection 
means (10) judges to have detected th gen- 
erally horizontal road surface, when a state in 

5 which the correction quantity Ao is greater than 

the horizontal correction quantity AoH stored in 
said storage means (11) in a previous cycle 
has continued for a predetermined period of 
time, to thereby store the correction quantity 

70 Ao at that time in said storage means (1 1) as a 

new horizontal correction quantity AoH. 

15. The zero adjuster according to claim 10, 
wherein said zero correction means (13) com- 

75 pares, during braking, the correction quantity 

Ao with the horizontal correction quantity AoH 
and selects the greater quantity for addition to 
or substraction from the acceleration Am, to 
thereby compute the corrected acceleration 

20 Ac. 

16. The zero adjuster according to claim 10, 
wherein at the starting of braking, when the 
horizontal correction quantity AoH is greater 

25 than the correction quantity Ao, the horizontal 

correction quantity AoH at that time is set to 
be the correction quantity Ao. 



12. The zero adjuster according to claim 10, 
wherein said road surface state detection 30 
means (10) judges to have detected the gen- 
erally horizontal road surface, when the es- 
timated vehicle acceleration Aw is smaller than 

a predetermined upper limit value and a dif- 
ferential value of the correction quantity Ao is 35 
smaller than a predetermined upper limit value, 
and when a state in which the correction quan- 
tity Ao is smaller than the horizontal correction 
quantity AoH stored in said storage means (11) 
in a previous cycle has continued for a pre- 4o 
determined period of time, to thereby store the 
correction quantity Ao at that time in said stor- 
age means (11) as a new horizontal correction 
quantity AoH. 

45 

13, The zero adjuster according to claim 10, 
wherein said road surface state detection 
means (10) judges to have detected the gen- 
erally horizontal road surface, when a state in 
which the correction quantity Ao is . smaller so 
than the horizontal cof^-ection quantity AoH 
stored in said storage means (11) in a previous 
cycle has continued for a predetermined pe- 
riod of time, to thereby store the correction 
quantity Ao at that time in said storage means 55 
(11) as a new horizontal correction quantity 
AoH. 
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